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Therapeutic approaches targeting

the microbiota —through diet,
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or even faecal microbiota trans-
plantation— are still in their early days,
but they represent a promising

complement to existing treatments.
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Dear readers,

When pain lingers: the microbiota and the gut—brain axis confront
the enigma of chronic pelvic pain

Chronic pelvic pain remains one of the most complex and frustrating
challenges in clinical practice. Often diffuse, persistent, and disproportionate
to visible lesions, it affects patients across multiple specialties—from
gynaecology to gastroenterology and urology—while frequently escaping
organ-centred approaches. Endometriosis, irritable bowel syndrome, and
bladder pain syndrome differ in diagnosis, yet share a common clinical reality:
persistent pain that is difficult to relieve.

These conditions are increasingly understood as disorders of altered pain
processing rather than isolated organ diseases. Peripheral and central
sensitization, neural remodeling, lowered pain thresholds, and viscero-visceral
cross-talk help explain why pain can persist, spread, and resist conventional
treatments long after the initial trigger has subsided.

Within this neuro-immune framework, the gut microbiota has emerged as a
key modulator of chronic pain. Through its interactions with immune pathways
and sensory neurons, it can influence inflammation and nociceptive signalling.
Evidence is now accumulating in IBS and, more recently, in endometriosis,
pointing to shared mechanisms involving microbial dysbiosis, pelvic
inflammation, and hormonal metabolism—and opening new perspectives

for integrated, microbiota-targeted therapeutic strategies.

By exploring how microbes interact with neural pain pathways, this issue of
Microbiota Mag invites a shift in perspective. In chronic pelvic pain, the gut
may be far more than a bystander—and listening to the microbiota may help
pave the way toward more coherent and effective patient care.

Enjoy your reading!
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| OVERVIEW |

Chronic pelvic pain
and brain-gut axis:

what is the involvement
of the gut microbiota?

Chronic pelvic pain is common, debilitating and particularly affects
women. It can be caused by identified lesions, such as endometriosis,

or functional syndromes characterised by visceral hypersensitivity, such as
irritable bowel syndrome (IBS) or interstitial cystitis. In such cases, peripheral
and central sensitisation mechanisms trigger a lowering of pain thresholds
and lead to diffuse and difficult-to-treat symptoms.

The gut microbiota plays an increasingly important role in understanding
this type of pain. Through its interactions with the immune and nervous
systems and metabolism, it exerts a direct effect on the excitability of
sensory fibres and pain circuits. Some bacterial metabolites favour neuronal
inflammation and hyperexcitability, while others exert a protective effect
via anti-inflammatory mediators or endogenous opioids.

In IBS, dysbiosis characterised by a loss of beneficial bacteria (e.g.
Faecalibacterium, Roseburia) and increase of opportunistic bacteria has been
documented, with experimental evidence of its causal role. In endometriosis,
the gut microbiota may contribute to lesion progression and oestrogen
modulation, suggesting a bidirectional interaction between the gut
microbiota and disease.

These findings are paving the way for new therapeutic avenues

including probiotics, prebiotics, postbiotics and even faecal-microbiota
transplantation. Although data remain preliminary, targeting the microbiota
appears to offer a promising strategy for improving the management

of chronic pelvic pain.
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' Department of Gynaecology-Obstetrics
and Reproductive Medicine, Nantes University
Hospital, Nantes, France

2University of Nantes, Inserm, TENS,
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From nociperception
to chronic pelvic pain

Pain is defined as an unpleasant senso-
ry and emotional experience, which may
or may not be associated with tissue da-
mage. It is referred to as chronic when the
pain persists for over three months, resists
treatment and leads to changes in func-
tional abilities and social relationships.
Chronic visceral pelvic pain is characte-
rised by deep, throbbing and diffuse pain,
making its diagnosis complex and impre-
cise. This type of pain is particularly com-
mon in women and may require input from
several internal-medicine specialists, i.e.
gastroenterology, gynaecology and urolo-
gy. Pelvic pain can be caused by several
types of organ lesions (e.g. endometriosis)
or functional syndromes characterised
by visceral hypersensitivity (e.g. irritable
bowel syndrome (IBS) or interstitial cysti-
tis). A combination of several painful pel-
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It is referred to as chronic
when the pain persists
for over three months,

resists treatment and leads
to changes in functional
abilities and social
relationships.

vic conditions is often observed in a single
patient. Other patients may experience
debilitating pain for which no specific
cause has been identified. Internal-medi-
cine specialists usually analyse pain as
the expression of a single lesion. While it
is certainly necessary to treat the injured
organ, this may sometimes not be enough
to provide relief to patients with chronic
pelvic pain. Some patients present with
an extensive set of symptoms, combining
sensitivity disorders with issues affecting
several pelvic organ functions at the same
time. Such phenomena are linked to sen-
sitisation mechanisms that appear several
months or years after the onset of pain [1].
This type of sensitisation is characterised
by a lowering of sensitivity thresholds lea-
ding to increased pain or pain provoked
by stimuli of normally non-nociceptive in-
tensity (e.g. intolerance to the sensation
of rectal filling). Pain spreading over time
has also been described. In fact, the pain-
ful sensation can persist despite the lack
of stimulation (e.g. post-defecation pain).
Finally, pain spreading beyond the sti-
mulated area is also observed (e.g. pain
during rectal filling causing bladder pain).

On a pathophysiological level, a distinc-
tion is made between psychological,
adaptive and chronic pain. Acute pain
occurs following an initial painful stimulus
(heat, pressure, pH variation or algogenic
substances) which activates receptors at
the endings of the peripheral nociceptive
fibres. In the case of the viscera, senso-
ry innervation occurs in the spinal nerves
whose endings are located in the muscles
and/or mucosa of organs with cell bodies
in the dorsal root ganglia [2]. Under phy-
siological conditions, activation of A6 or
C afferent fibre receptors generates an
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Nociceptive fibres

action potential (AP) that is translated into
nociceptive information in the dorsal root
ganglia. This information is then trans-
mitted to the second-order spinal neurons
in the dorsal horn. Second-order neurons
transmit information to the thalamus via
the spinothalamic and spinoreticulothala-
mic pathways. In the thalamus, the third
neuron transmits the message to various
areas in the cortex (prefrontal, cingulate,
somatosensory or insular cortex). This
third neuron is responsible for transfor-
ming nociception into pain, with its affec-
tive-emotional, sensitive, cognitive and
behavioural dimensions.

In the case of chronic visceral
pain observed in conditions such
as IBS or chronic inflammatory
bowel disease (IBD), particularly
in remission, hypersensitivity of
intestinal nociceptive fibres has been
documented [3].

This hypersensitivity may be partly due to
gut permeability alterations, thereby in-
creasing the passage of food or bacterial
antigens, leading to inflammatory mecha-
nisms with mast-cell recruitment and re-
lease of pro-inflammatory mediators such
as histamine or proteases. This inflam-
matory environment could contribute to
hyperexcitability in the nociceptive fibres,
which in turn contribute to maintaining the
inflammatory microenvironment by relea-
sing neuropeptides (Substance P: SP and
Calcitonin-Gene Related Peptide: CGRP).
These repeated stimuli trigger phenotypic
and excitability alterations to the nocicep-

tive neurons in the Dorsal Root Ganglion
(DRG), known as peripheral sensitisation.
In the spine, repeated APs from DRG neu-
rons increase the release of excitatory
neurotransmitters such as glutamate [4].
In the long term, this leads to synaptic
reinforcement by increasing the number
of glutamatergic receptors, combined
with dysfunction of the inhibitory systems,
resulting in sensitisation of the spinal neu-
rons [4]. Thus, central sensitisation is a
pathological state of nociception function
linked to its dysfunction, with a strengthe-
ning of facilitatory systems and lowering of
pain-inhibitory systems.

The microbiota,
a potential pain
modulator

The factors responsible for visceral fibre
hypersensitivity are still poorly understood,
but the gut microbiota could play a role
(figure 1).

The microbiota is defined as all of the
microorganisms living in a specific
environment in a host. It is mainly
composed of bacteria, but also in-
cludes viruses, yeasts and protozoa.
These micro-organisms may be
present without having any impact
on their host (commensalism) or they
may interact closely with it.

MICROBIOTA | 5
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The number of bacteria colonising the
human body (3.8:10) is roughly the
same as the number of human host cells
in adulthood (3.0-10%®) [5]. The gut mi-
crobiota plays a key role in the two-way
communication between the gut and va-
rious organs, including the brain. For se-
veral years this has been referred to as
the microbiota-gut-brain axis. In the past,
studies have typically focused on the role
of the microbiota in gastrointestinal disor-
ders (irritable bowel syndrome, inflamma-
tory bowel disease). More recently, it has
been recognised that dysfunction of this
axis is involved in the pathophysiology of
many other conditions, including metabo-
lic diseases (obesity, diabetes) and neu-
rological diseases (autism, Parkinson’s
disease, depression).

The gut microbiota and the brain com-
municate with each other using several
pathways such as the vagal nervous sys-
tem, the immune system and the humoral
pathways, after modulation of enteroendo-
crine functions. Nociceptive afferent fibres
can also be directly modulated by various
bacterial metabolites [6]. The main me-
diators identified are bacterial metabolites
(e.g. short-chain fatty acids, secondary
bile acids), neurotransmitters and neu-
romodulators (e.g.. GABA) and bacterial
products (e.g.. PAMPs, tryptophan deri-
vatives). Some molecules increase neuro-
nal excitability by activating nociceptors,
producing Nerve Growth Factor (NGF)

16

and increasing local inflammation. Others,
however, have the opposite effect (e.g.:
GABA) and can inhibit the transmission
of the nociceptive message by producing
endogenous opioids or anti-inflammatory
mediators.

Clinical examples:
irritable bowel
syndrome and
endometriosis

Irritable bowel syndrome

IBS is characterised by chronic functional
intestinal disorders, mainly combining ab-
dominal pain and bowel disorders (diar-
rhoea, constipation or both in alternation).
This condition affects around 5-10% of the
population, primarily young adult females.
The pathophysiology of IBS is not yet ful-
ly understood but it has been extensively
documented that gut-brain-communica-
tion changes lie at the root of digestive
motility disorders and visceral hypersensi-
tivity. On a central level, IBS patients expe-
rience impaired information processing,
hypervigilance and increased anxiety. In
recent years, the gut microbiota has been
proposed as one of the causative fac-
tors in IBS [7] and several studies have
highlighted changes in the composition
and diversity of the microbiota in IBS.

For instance, a systematic review
showed that the phylum Firmicutes
decreased and the phylum
Bacteroidetes increased in patients
with IBS and diarrhoea [8].

A reduction in the abundance of the ge-
nus Bifidobacterium was also found in
stool and mucosal samples from IBS pa-
tients, along with an increase in the genus
Bacteroides. An increase in pathogens
(i.e. Escherichia coli and Enterobacte-
rium families) was also observed. An en-
richment of certain bacterial taxa such
as Enterobacteriaceae, Streptococcus,
Fusobacteria, Gemella and Rothia, and a
depletion of bacterial genera recognised
as beneficial to health, such as Rosebu-
ria and Faecalibacterium, were also ob-
served in IBS patients. In IBS, the causal
role of these kinds of microbiota changes
has been strongly suggested in view of
the ability to induce some symptoms in
preclinical models after the transfer of
stools from IBS patients [9]. In addition,
the role of several mediators produced
by the intestinal microbiota, such as LPS,
short-chain fatty acids and secondary
bile acids, has been suggested in chronic
abdominal pain, visceral hypersensitivity
and gut inflammation [10]. The gut micro-
biota could therefore be a major cofactor
in chronic abdominal pain and associated
inflammation.



Endometriosis

Endometriosis is defined as the transplan-
tation of endometrial cells outside the
uterine cavity, which may be facilitated
by chronic pelvic inflammation. The main
symptoms of endometriosis are chronic
pelvic pain, gastrointestinal problems and
infertility. A systematic review analysed
studies of the gut microbiota in women
with endometriosis and chronic pelvic
pain [11]. A total of 28 clinical studies and
six animal studies were included in the re-
view. In these human and animal studies,
increased gut microbiota diversity was
observed in the endometriosis groups.
However, there was no clear consensus
on the composition of the microbiota as-
sociated with endometriosis. None of the
studies analysed composition or diversity
based on the characteristics of pain.

Animal studies (6/6) confirmed the
bidirectional relationship between
the gut microbiota and the onset
and progression of endometriosis.
Endometriosis induction in mice
actually induced changes in the gut
microbiota.

In the study by Yuan, no early-stage diffe-
rences were observed after endometriosis
induction versus a control group. Diffe-
rences appeared 21 days after the start of
the experiment and increased thereafter,
with decreased diversity and richness of
the microbiota in the endometriosis group,
increased genera Bifidobacterium, Proteo-
bacteria and Verrucomicrobia, decreased
Bacteroidetes and Firmicutes phyla and
an increase in the Firmicutes/Bacteroi-
detes ratio, reported [12]. Conversely,
treatments targeting the microbiota, such
as broad-spectrum antibiotics, reduced
the volume and weight of endometriosis le-
sions, induced a decrease in endometrial
lesion cell proliferation and inflammatory
markers (cytokines, macrophages) [13].
Apart from inflammation, the gut microbio-
ta could contribute to the pathophysiology
of endometriosis through its role in regu-

lating oestrogen metabolism. A specific
microbiota called the estrobolome actually
plays a central role in hormone regulation,
especially oestrogen [11]. Estrobolome
contains bacteria that produce beta-glu-
curonidase, which is an enzyme able to
modify the active form of oestrogen. Gut
microbiota disturbances could therefore
lead to increased circulating oestrogen le-
vels and favour the development of endo-
metriosis. However, these studies did not
investigate pain modulation.

Therapeutic
prospects via
the microbiota

The development of therapeutic ap-
proaches modulating the composition or
function of the gut microbiota are beco-
ming increasingly recognised as playing
a complementary role in the current thera-
pies used for the management of chronic
functional digestive or pelvic conditions.
The basic aim of these approaches is to
restore a balanced and functional micro-
biota (via dietary interventions or prebio-
tics), or provide bacteria with beneficial
effects for the host (probiotics). Specific
combinations of probiotics, or specific
species and strains [14], appear to have
beneficial effects on overall IBS symptoms

and abdominal pain [15]. Symbiotic ap-
proaches combining pre- and probiotics
are also used. Approaches based on the
transplantation of faecal microbiota also
suggest a therapeutic potential in func-
tional diseases such as IBS [16]. In addi-
tion, an increasing number of studies are
suggesting that the effectiveness of the
response to faecal-microbiota transplan-
tation in IBS or to probiotic treatments is
influenced by the composition of the mi-
crobiota of the recipient.

In the case of endometriosis, two
randomised clinical studies have sug-
gested that probiotics were effective
in improving pain [17, 18], although
one study reported that the efficacy
did not last after discontinuing the
probiotics.

In general, the effectiveness of these ap-
proaches in the management of pelvic
functional disorders, although demons-
trated in some cases, remains limited by
the small population sizes in the studies
and, above all, by the wide diversity and
variability of symptoms observed in these
disorders, as shown in a recent literature
review [15].

«1. Woolf CJ. Central sensitization: implications for the diagnosis and treatment of pain. Pain 2011 ; 152 : §2-15. - 2. Gebhart GF, Bielefeldt K. Physiology of visceral pain. Compr Physiol 2016 ; 6 : 1609-33. - 3. Enck
P, Aziz Q, Barbara G, et al. Irritable bowel syndrome. Nat Rev Dis Primers 2016 ; 2 : 16014. - 4. Kolhekar R, Gebhart GF. Modulation of spinal visceral nociceptive transmission by NMDA receptor activation in the
rat. J Neurophysiol 1996 ; 75 : 2344-53. - 5. Sender R, Fuchs S, Milo R. Revised Estimates for the Number of Human and Bacteria Cells in the Body. PLoS Biol 2016 ; 14 : e1002533. - 6. Guo R, Chen L-H, Xing C,
Liu T. Pain regulation by gut microbiota: molecular mechanisms and therapeutic potential. Br J Anaesth 2019 ; 123 : 637-54. - 7. Xiao L, Liu Q, Luo M, Xiong L. Gut Microbiota-Derived Metabolites in Irritable Bowel
Syndrome. Front Cell Infect Microbiol 2021 ; 11 : 729346. - 8. Zhuang X, Xiong L, Li L, Li M, Chen M Alterations of gut microbiota in patients with irritable bowel syndrome: A systematic review and meta-analysis:
Alterations of gut microbiota. J Gastroenterol Hepatol 2017 ; 32 : 28-38. - 9. De Palma G, Lynch MDJ, Lu J, et al. Transplantation of fecal microbiota from patients with irritable bowel syndrome alters gut function
and behavior in recipient mice. Sci Transl Med 2017 ; 9 : eaaf6397. - 10. Defaye M, Gervason S, Altier C, et al. Microbiota: a novel regulator of pain. J Neural Transm 2020 ; 127 : 445-65. - 11. Salliss ME, Farland
LV, Mahnert ND, Herbst-Kralovetz MM. The role of gut and genital microbiota and the estrobolome in endometriosis, infertility and chronic pelvic pain. Hum Reprod Update 2022 ; 28 : 92-131. +12. Yuan M, Li D,
Zhang Z, Sun H, An M, Wang G. Endometriosis induces gut microbiota alterations in mice. Hum Reprod 2018 ; 33 : 607-16. - 13. Chadchan SB, Cheng M, Parnell LA, et al. Antibiotic therapy with metronidazole
reduces endometriosis disease progression in mice: a potential role for gut microbiota. Hum Reprod 2019 ; 34 : 1106-16. - 14. Quigley EM, Fried M, Gwee KA, et al.; Review Team. World Gastroenterology Organi-
sation Global Guidelines Irritable Bowel Syndrome: A Global Perspective Update September 2015. J Clin Gastroenterol 2016 ; 50 : 704-13. - 15. Ford AC, Harris LA, Lacy BE, Quigley EMM, Moayyedi P. Systematic
review with meta-analysis: the efficacy of prebiotics, probiotics, synbiotics and antibiotics in irritable bowel syndrome. Aliment Pharmacol Ther 2018 ; 48 : 1044-60. - 16. Lahtinen P, Jalanka J, Hartikainen A, et al.
Randomised clinical trial: faecal microbiota transplantation versus autologous placebo administered via colonoscopy in irritable bowel syndrome. Aliment Pharmacol Ther 2020 ; 51 : 1321-31. - 17. Khodaverdi
S, Mohammadbeigi R, Khaledi M, et al. Beneficial Effects of Oral Lactobacillus on Pain Severity in Women Suffering from Endometriosis: A Pilot Placebo-Controlled Randomized Clinical Trial. Int J Fertil Steril
2019 ; 13 :178-83. - 18. Itoh H, Uchida M, Sashihara T, et al. Lactobacillus gasseri OLL2809 is effective especially on the menstrual pain and dysmenorrhea in endometriosis patients: randomized, double-blind,

placebo-controlled study. Cytotechnology 2011 ; 63 : 153-61.
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Gastroenterology and Nutrition Department,
Saint-Antoine Hospital, Paris, France

Pooled analysis of 3,741 faecal metagenomes from 18 cohorts
for the identification of reproducible microbial biomarkers
at different stages of colorectal cancer

Commentary on the article by Piccinno et al. (Nature Medicine 2025 [1])

Associations between the gut microbiome and colorectal cancer
(CRC) have been uncovered, but larger and more diverse studies

are needed to assess their potential clinical use. The authors

of this article used 12 metagenomic datasets of patients with

CRC (n=930), adenomas (n =210) and healthy controls (n =976;
total n=2,116) and added six new cohorts (n=1,625) providing
granular information on cancer stage and the anatomic location
of the tumours. They improved CRC prediction accuracy based
solely on gut metagenomics (average area under the curve = 0.85)
and highlighted the contribution of 19 new species and distinct
Fusobacterium nucleatum clades. Specific gut species distinguish
left-sided versus right-sided CRC (area under the curve = 0.66) with
an enrichment of oral-typical microbes. The authors identified
strain-specific CRC signatures with the commensal species of
Ruminococcus bicirculans and Faecalibacterium prausnitzii, showing
subclades associated with advanced CRC. The analysis confirmed
that the microbiome can be a clinical target for CRC screening
and characterised it as a biomarker for CRC progression.

What do we already know
about this subject?

CRC is the third most frequent and the
second most lethal tumour type worldwide
[2]. CRC originates in the epithelial layer
of the proximal colon (right colon) or distal
colon plus rectum (left colon). Progression
from benign precancerous lesion (adeno-
ma) to a malignant tumour (carcinoma)
may take several years and is characte-
rised by an accumulation of tumour-cell
mutations, alteration in the gut mucosal
barrier and intestinal inflammation.

The gut microbiome is proposed as one of
the important hallmarks of cancer. Certain
microbes have been put forward as major
contributors to carcinogenesis, particular-
ly Escherichia coli pks+ and Fusobacte-
rium nucleatum [3]. Several studies have
observed distinct microbiome signatures
in CRC patients when compared with pa-
tients with adenomas or healthy controls
[4]. A few metagenomic studies also in-
vestigated microbiome changes along
the adenoma-carcinoma sequence and
based on the primary neoplasia location,
and have suggested links between CRC

and oral species. Further evidence points
toward the enrichment of oral-typical mi-
crobes and of oral biofilm-forming species
in the gut metagenomes of patients with
proximal CRC. However, no metagenomic
studies have gone beyond characterising
already well-known strain-specific factors
that influence CRC risk, and no untargeted
searches for subspecies and strain-level
genomic associations with CRC pheno-
types are available.

What are the main insights
from this study?

Using 3,741 samples from 18 cohorts
and applying new strain-level computa-
tional methodologies, the authors investi-
gated the links between faecal microbiota
and CRC. They improved CRC prediction
accuracy based solely on gut metage-
nomics, with an average area under the
curve (AUC) = 0.85. The five SGBs (Spe-
cies-level Genome Bins) assigned to the
species F. nucleatum were more abundant
in CRC than in the controls: F nucleatum
subsp. animalis, vincentii, nucleatum,
polymorphum. This was in addition to
other well-characterised CRC-associated
microbes such as Parvimonas micra and
Bacteroides fragilis. The authors also
identified 19 additional uncharacterised
SGBs with neither cultivated strains nor
taxonomically defined species, which
highlighted a more complex CRC-asso-
ciated microbial signature than previously
thought.

Although interstage microbiome varia-
tions during CRC progression are not as
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Microbial signature according to CRC
stage and location of primary tumour.
Coefficients of the mixed linear model showing the
associations between each microbial species and
each stage, compared with controls. Positive values
(from pink to dark pink) indicate increased stage SGB
abundances compared with controls, while negative
coefficients (green) indicate decreased abundances.
Significant associations (q<0.1) are indicated by a
star. Associations also found significant in either
right- or left-sided CRC for each stage (q<0.1) are
indicated by a right- or left-pointing triangle, respec-
tively. Oral SGBs are highlighted in bold. Box plots
represent the distribution of three SGBs with signi-
ficant variations in abundances according to CRC
stages.

Association score

strong as those observed between CRC
and controls, the authors found several
biomarkers for advanced and metastatic
CRC, as well as several microbial species
consistently and monotonically increasing
(or decreasing) from control to cancer
or advanced disease. In particular, late-
stage CRC was enriched in oral-derived
species, such as P. micra, already invol-
ved in the stimulation of tissue invasion
pathways and Hungatella hathewayi,
which was shown to promote intestinal
cell proliferation in in-vitro experiments
(figure 1). Compared with the other stages,
metastatic CRC had a higher abundance
of Methanobrevibacter smithii, supporting
previous findings linking methane produ-
cers with stage IV CRC. Stool samples
from patients with CRC originating in the
right or transverse colon were also en-
riched in oral species.

These findings strengthen the notion that
the number and cumulative abundance
of orally derived species are significantly
higher in CRC samples than controls and
adenomas, but also show that later stages
of CRC were particularly enriched in oral
species. However, many non-oral bacteria
were also associated with CRC, including
species previously associated with high
cardiometabolic risk. Interestingly, adeno-
ma and later cancer stages were enriched
in species linked with poor cardiometabo-
lic health and immune-mediated diseases.
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qguences in practice?

This is the largest and most accurate
study ever carried out on faecal micro-
biota associated with CRC. A signature
based solely on faecal microbiota offers
a relatively good predictive value. In ad-
dition, differences between early and late
stages have been identified. However,
it should be noted that the study did not
identify sufficiently accurate markers for
the diagnosis of pre-cancerous lesions
(adenoma). This work paves the way for
microbiota-based tests for diagnosing
CRC, but their use in clinical practice still
requires validation and, above all, the de-
tection of pre-cancerous lesions needs to
be improved.

[ CONCLUSION ]

AX XX XAANRKAN

Asin-sqrt rel. ab.

el. ab.

=

rt

o

Asin-s

Asin-sqrt rel. ab.

A. muciniphila SGB9226
0.25 I E .

0.20 1 P
0.15 i
0.10 1
o.

05 i

00U

F. nucleatum SGB6007
T

0.05
0.041 © i H
0.03 RN
0021} N

1
0.01 _I_i l‘_l_'
ollld

M. smithii SGB714 g
020 {; .

: H
H

e
@

4
]

. |
il
CI A d IIII'IIi I{/
Mixed linear model

[JX:/10.04 0.06

control target

o
o
a

o

2K q<0.1

P> <0. : Right-sided
colon
Cancer

<« g<0.1: Left-sided
colon
Cancer

Key points

@ Using 3,741 samples from
18 cohorts, the authors investi-
gated the links between faecal

microbiota and CRC

@ A signature based solely on faecal
microbiota provides a relatively
good predictive value, with an
average area under the curve

(AUC) = 0.85

® However, the study did not iden-
tify sufficiently accurate markers
for the diagnosis of pre-cancerous

lesions

@ Alongside differences between
control and CRC subjects, altera-
tions in the microbiota were
observed according to the stage
and topography of the primary
lesion, particularly in terms
of the abundance of oral bacteria

A signature based solely on faecal microbiota offers prediction with an average
area under the curve (AUC) = 0.85. However, the study did not identify sufficiently
accurate markers for the diagnosis of pre-cancerous lesions (adenomas). In addi-
tion to differences between control and CRC subjects, alterations in the microbio-
ta were observed according to the stage and topography of the primary lesion,
particularly in terms of oral bacteria abundance.

= 1. Piccinno G, Thompson KN, Manghi P, et al. Pooled analysis of 3,741 stool metagenomes from 18 cohorts for cross-stage and strain-level
reproducible microbial biomarkers of colorectal cancer. Nat Med 2025 ; 31 : 2416-29. - 2. Miller KD, Nogueira L, Devasia T, et al. Cancer
treatment and survivorship statistics, 2022. CA Cancer J Clin 2022 ; 72 : 409-36. - 3. Brennan CA, Garrett WS. Fusobacterium nucleatum
- symbiont, opportunist and oncobacterium. Nat Rev Microbiol 2019 ; 17 : 156-66. - 4. Zeller G, Tap J, Voigt AY, et al. Potential of fecal mi-
crobiota for early-stage detection of colorectal cancer. Mol Syst Biol 2014 ; 10 : 766
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Symptom-specific gut microbial and metabolic

profiles in ADHD reveal SCFA deficiency

as a key pathogenic mechanism
Comments on the original article by Wang et al. (Gut Microbes 2025) [1]

Previous evidence links gut microbiota to attention-deficit/
hyperactivity disorder (ADHD) through the gut-brain axis. However,
the specific microbiota contributing to symptoms remain unclear.
To characterise the gut microbial profile linked to different
symptoms and explore the mediation mechanism between
microbiota alterations and the main ADHD symptoms, the authors
of the article conducted shotgun metagenomic sequencing

and faecal metabolomics analysis on 94 ADHD patients and

94 age- and gender-matched controls. They analysed the microbial
characteristics of three subgroups presenting with different main
symptoms of ADHD. Faecal microbiota transplantation

in mice validated the hypothesis that gut microbial composition
affects ADHD symptoms through metabolic alterations. This study
provided further insight into the mechanisms underlying metabolic
disturbances in ADHD and shed light on the role of gut microbiota

in these processes.

What do we already know
about this subject?

Attention deficit hyperactivity disorder
(ADHD) is common in paediatrics, with a
3-5% prevalence. Various environmental
factors play a role in the development of
ADHD, including perinatal, social-emo-
tional and nutritional factors. These risk
factors also influence the gut microbiota
(GM). Early alterations can disrupt neuro-
logical development. These effects could
be mediated by the microbiota-gut-brain
axis through three pathways (immune,
neuronal and endocrine/systemic).

What are the main insights
from this study?

One hundred and eighty-eight (188)
children were included in a single-centre
Chinese study, including 94 children with
ADHD who were divided into three sub-
groups, 56 with predominant inattention
symptoms (group |A), 9 with predominant
hyperactivity-impulsivity symptoms (group
HA) and 29 with combined symptoms
(group C), and 94 controls (group TD).

The GM analysis found no difference
between these three groups in terms of

bacterial richness and diversity, the re-
lative abundance of the 10 main genera
and the Firmicutes/Bacteroidetes ratio.
However, specific taxa were associated
with ADHD subtypes (figure 1).

The family Lactobacillaceae and species
Lactobacillus sanfranciscencis were en-
riched in the TD group. The TD group had
more Bifidobacteriales than group C. In
groups IA and C (inattention symptoms),
the genus Streptococcus and species
Streptococcus salivarius were identified
as harmful bacteria, while family Flavobac-
teriaceae, genus Paraprevotella, genus
Fructilactobacillus, species Paraprevotel-
la xylaniphila, and species Phocaeicola
salanitronis were beneficial. In groups HA
and C (hyperactivity-impulsivity symp-
toms), the family Lactobacillaceae and
species Lactobacillus sanfranciscencis
were beneficial (figure 1).

The metabolomic profiles of ADHD child-
ren revealed disturbances in fatty-acid
synthesis, with a significant reduction in
the synthesis of unsaturated fatty acids
and linoleic acid, as well as amino-acid
metabolism (figure 2). The various symp-
toms, inattention, hyperactivity and im-
pulsivity, were negatively correlated with
different metabolites, imidazoleacetic acid
and inattention (p<0.001). Thus, Lactoba-
cillus sanfranciscencis had a direct effect
and an effect mediated by imidazoleace-
tic acid on inattention.

An experiment with three cycles of faecal
microbiota transfer (FMT) from children
with ADHD and a low abundance of bene-
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Key point

@ Gut microbiota alterations
are specifically associated with
the different symptoms of ADHD
children. This effect is mediated
by disturbances in fatty-acid
metabolism

ficial Lactobacillus sanfranciscencis bac-
teria (FMT-A group) and controls (FMT-H
group) was conducted in four-week-old
male C57BL/6J mice. The mice then re-
ceived either Lactobacillus sanfranciscen-
cis (1 x108 organisms/mouse/day, group
FMT-A-R1), or 150 mmol/L sodium acetate
(group FMT-A-R2) or PBS for the controls
(group FMT-A-C). Hyperactivity symptoms
improved significantly in the FMT-A-R1
group but not in the FMT-A-R2 group,
while inattention symptoms improved in

both groups. Finally, fatty-acid and unsa-
turated fatty-acid synthesis was improved
in the FMT-A-R1 and FMT-A-R2 groups
versus FMT-A-C (figure 3).

What are the conse-
quences in practice?

This study showed that GM altera-
tions in ADHD children were symptom-de-
pendent. The sub-group analysis showed
that family Lactobacillaceae and species
Lactobacillus sanfranciscencis were en-
riched in the TD group. In addition, after
faecal transplantation with ADHD stools,
treatment with Lactobacillus sanfrancis-
cencis improved symptoms.

Fatty-acid and unsaturated fatty-acid syn-
thesis was reduced in ADHD children.
Similarly, after faecal transplantation with
ADHD stools, treatment with short-chain
fatty acids (imidazoleacetic acid) led to an
improvement in symptoms.
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size of the circles corresponding to the number of genes involved.
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Faecal transplantation with stools from
ADHD children reduces fatty-acid
synthesis, which is corrected by treatment
with Lactobacillus sanfranciscencis

or sodium acetate.
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The findings of this study add to
our understanding of the role the
gut microbiota plays in children
with ADHD, with metabolic
alterations involved in the
disturbance of the microbiota-gut-
brain axis in this context.

+1.Wang X, Wang N, Gao T, et al. Symptom-specific gut microbial
and metabolic profiles in ADHD reveal SCFA deficiency as a Key
pathogenic mechanism. Gut Microbes 2025; 17: 2537755.
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Microbiota and Pediatric Health:
Highlights from LASPGHAN 2025

The 25" Congress of the Latin American Society for Pediatric
Gastroenterology, Hepatology and Nutrition (LASPGHAN), held in Mérida,
reinforced the central role of the microbiota in pediatric health and disease.
The discussions emphasized a rigorous, evidence-based and strain-specific
approach to probiotic use, aligned with the most recent ESPGHAN position
paper and the forthcoming LASPGHAN consensus. The focus has shifted

Jrom empirical supplementation to indications supported by randomized
clinical trials and meta-analyses, highlighting how microbial modulation can
influence gastrointestinal, immune and metabolic outcomes across different
stages of childhood. There is increasing recognition that early-life microbiota
imprinting may have lifelong consequences for metabolic programming

and immune tolerance, emphasizing the importance of perinatal nutrition,
breastfeeding, and the avoidance of unnecessary antibiotics as key
determinants of microbial resilience.

Srstock.
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Current guidelines recommend certain
strains of Saccharomyces and Lacticasei-
bacillus as the best-documented strains
for acute gastroenteritis and prevention of
antibiotic-associated diarrhea in children
[1-4]. Randomized controlled trials and
meta-analyses consistently demonstrate
a clinically relevant reduction in illness
duration and stool frequency when these
probiotics are used together with oral
rehydration therapy. For antibiotic-as-
sociated diarrhea, both strains maintain
moderate-quality evidence and favorable
safety profiles, making them the most re-
liable options in routine pediatric care.
Some Limosilactobacillus may also be
considered in acute diarrhea and infantile
colic, reflecting the increasing understan-
ding that early-life microbial modulation
supports immune tolerance and intestinal
barrier maturation [5]. Beyond probiotics
alone, emerging studies presented at
LASPGHAN explored how combinations
with prebiotic substrates can accelerate
the restoration of microbiota diversity after
infection or antibiotic exposure. This sy-
nergistic “biotic” approach may represent
a new frontier for preventing recurrence
and enhancing gut recovery in children.

Beyond acute settings, the role of probio-
tics in functional gastrointestinal disorders
is being more cautiously defined. Some



strains of Lacticaseibacillus have shown
potential to reduce the frequency of ab-
dominal pain and improve quality of life
in functional abdominal pain and irritable
bowel syndrome when combined with
dietary and behavioral measures [1, 3].
The overall strength of evidence remains
modest, but emerging data suggest a
role for specific strains as adjuvants wit-
hin a multimodal management approach.
In functional constipation, Lacticaseiba-
cillus may also be used as an adjunct to
standard therapy, while in infantile colic
it remains the most consistently recom-
mended strain. Preventive use of Lacti-
caseibacillus from birth to four months
has been associated with lower incidence
of colic in high-risk infants [2]. Strain se-
lection should always consider patient
phenotype, symptom pattern, and conco-
mitant interventions such as fiber intake
or behavioral therapy. Integrating probio-
tics or synbiotics into a holistic manage-
ment strategy—rather than using them
as isolated supplements—emerges as
a key principle for optimizing outcomes
in functional gastrointestinal disorders.

Increasing attention has been directed to
the interaction between microbiota and
immune development. Lacticaseibacillus
administered for at least three months may
help promote tolerance and clinical impro-
vement in cow’s-milk protein allergy [1,2].
These findings are biologically plausible
given the immunomodulatory properties
of the strain and its capacity to influence
epithelial and cytokine responses. Never-
theless, further studies are needed to vali-
date the magnitude and durability of these
effects in long-term allergic outcomes.

Prophylactic use of certain strains of Lac-
ticaseibacillus greater than or equal to
30 days remains supported for reducing
necrotizing enterocolitis and mortality,
provided that product quality, strain iden-
tity and clinical surveillance are ensured in
preterm infants [1]. The benefit appears to
be strain-dependent, underlining the need
for standardized formulations and micro-
biological traceability in neonatal care.
Recent evidence highlights how early
microbial exposure—through vaginal de-
livery, breastfeeding, and dietary diversifi-
cation—modulates mucosal immunity and
oral tolerance. The concept of the “first
1,000 days” remains a crucial window for
interventions aiming to prevent allergic

and inflammatory diseases. Growing data
on postbiotics, non-viable microbial pro-
ducts with signaling and anti-inflammato-
ry potential, are opening new therapeutic
perspectives in allergy prevention and im-
mune education.
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- 1. Szajewska H, Berni Canani R, Domellof M, et al.; ESPGHAN Special Interest Group on Gut Microbiota and Modifications. Probiotics
for the Management of Pediatric Gastrointestinal Disorders: Position Paper of the ESPGHAN Special Interest Group on Gut Microbiota and
Modifications. J Pediatr Gastroenterol Nutr 2023; 76: 232-47. - 2. Cruchet S, Gutiérrez-Castrellén P, Vazquez-Frias R, and LASPGHAN WG
on Biotics. Guia de Practica Clinica Ibero-Latinoamericana del uso de Bidticos en Gastroenterologia, Hepatologia y Nutricion Pediatrica:
Capitulo Probiéticos. 2025 (submitted). « 3. Szajewska H, Kotodziej M, Gieruszczak-Biatek D, Skérka A, Ruszczynski M, Shamir R. Sys-
tematic review with meta-analysis: Lactobacillus rhamnosus GG for treating acute gastroenteritis in children — a 2019 update. Aliment
Pharmacol Ther 2019; 49: 1376-84. - 4. Czerucka D, Rampal P. Diversity of Saccharomyces boulardii CNCM |-745 mechanisms of action
against intestinal infections. World J Gastroenterol 2019; 25: 2188-203. « 5. de Vos WM, Tilg H, Van Hul M, Cani PD. Gut microbiome and

health: mechanistic insights. Gut 2022; 71: 1020-32.
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Expert advice on communicating
with patients

The ‘How to talk about’ page is a dedicated resource designed to help healthcare
professionals respond clearly and confidently to patients’ questions on topics related to the
microbiota.

Covering key topics such as gut health and women'’s health, it offers short educational videos
in which recognised experts share structured communication approaches and suggest

clear and appropriate wording to answer the most frequently asked questions during
consultations.

In this issue, Professor Harry Sokol focuses on how to address gut health

in daily practice.

He explains how to describe the gut microbiota, clarify its role in digestion
and overall health, respond to common misconceptions, and guide patients
on dietary and lifestyle factors that promote microbiota balance, while
maintaining scientific rigour and realistic expectations.

From one expert to another, discover practical information to enrich your
consultations and deliver informed, evidence-based messages about the
microbiota in your daily practice.

For a successful consultation:

Avoid medical jargon Use everyday life examples Use illustrations to simplify
as much as possible that can directly resonate the explanations of complex
with the patient messages

-
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Harry Sokol g I

Professor in the gastroenterology department
at Saint-Antoine Hospital (AP-HP) .
Paris, France

For more information
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By Anais Bodon, Muriel Mercier-Bonin, Bruno Sovran
Neuro-Gastroenterology and Nutrition Team at INRAE (National Research Institute
for Agriculture, Food and Environment), Toxalim, Toulouse, France

Per- and polyfluoroalkyl substances (PFAS) are a large family of chemical
compounds commonly referred to as “forever chemicals” due to their extreme
persistence in the environment and ecosystems.

Their fire-retardant, water-repellent, and heat-resistant properties have led

to their widespread use in many everyday products (nonstick cookware,
waterproof textiles, etc.). PFAS are highly resistant to degradation, accumulate
in the environment, contaminate the food chain, and lead to widespread human
exposure. PFAS thus accumulate in the body with documented health effects,
albeit for a limited number of compounds.

Are the claims made
on social media justified?

In the laboratory, under very specific ex-
perimental conditions, certain bacteria in
the gutmicrobiota [1] or lactic acid bacteria
[2] (often used as probiotics) can bioaccu-
mulate PFAS or “sequester” them on their
surface, suggesting a possible “detoxi-
fication effect.” In practice, however, in-
gested PFAS are almost entirely absorbed
in the small intestine and rapidly enter the
bloodstream. The gut microbiota is mainly
located in the colon, a compartment that is
only minimally exposed to PFAS, although
a small fraction of the microbiota,
located in the small intestine, is directly ex-
posed. As a result, direct contact between
PFAS and intestinal bacteria remains mar-
ginal compared with the total amount of

PFAS already accumulated in the body.
Based on current knowledge, it is there-
fore difficult to conclude that the microbio-
ta and/or probiotic intake play a major role,
contrary to what is suggested in the me-
dia, in the microbial detoxification of total
PFAS from the body.

What are the impacts
on the microbiota?

Furthermore, this limited contact may
nevertheless contribute to the increasingly
documented effects of PFAS on the gut
microbiota. Studies in rodents show that
PFAS exposure can alter the composition
of the microbiota and disrupt some of its
functions, including metabolites produc-
tion and interactions with the immune
system [3,4]. These alterations have been

Photo: Shutterstock.

shown to disrupt the balance of the di-
gestive ecosystem and impair intestinal
health.

Are there any important
limitations to keep in mind?

Most of the available scientific data co-
mes from animal models exposed to doses
generally higher than those representative
of human exposure, and concerns a very
limited number of PFAS, often studied in-
dividually. In humans, studies remain rare,
mainly observational, and influenced by
many confounding factors (e.g. diet, age,
sex). Research on PFAS-microbiota inte-
ractions is therefore still emerging.

What are the implications

for healthcare professionals
and how should they respond
to patients?

Given the media coverage of the topic
and patients’ concerns, it is essential to
communicate on the basis of scientific
evidence, without excessive extrapola-
tion. It should be explained that there is no
“miracle” solution for PFAS detoxification,
particularly through probiotics.

In practice, healthcare professionals
can advise limiting known sources of PFAS
exposure (e.g. food packaging, non-stick
cookware) and encouraging a varied, mi-
nimally processed diet rich in fruits, vege-
tables, and whole grains to support the
protective function of the microbiota.

« 1. Lindell AE, GrieBhammer A, Michaelis L, et al. Human gut
bacteria bioaccumulate per-and polyfluoroalkyl substances. Nat
Microbiol 2025 ; 10 : 1630-47. - 2. Xing J, Wang F, Xu Q, et al.
Screening of potential probiotic lactic acid bacteria based on
gastrointestinal properties and perfluorooctanoate toxicity. App/
Microbiol Biotechnol 2016 ; 100 : 6755-66. « 3. Zhang L, Rimal B,
Nichols RG, et al. Perfluorooctane sulfonate alters gut microbio-
ta-host metabolic homeostasis in mice. Toxicology 2020 ; 431 :
152365. « 4. Shi L, Pan R, Lin G, et al. Lactic acid bacteria alleviate
liver damage caused by perfluorooctanoic acid exposure via an-
tioxidant capacity, biosorption capacity and gut microbiota regu-
lation. Ecotoxicol Environ Saf 2021 ; 222 : 112515.
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Academy of Finland Research Fellow, Faculty of Sport
and Health Sciences, University of Jyvéskyld, Finland

Exercise-induced microbiota metabolite enhances CD8 T cell
antitumor immunity promoting immunotherapy efficacy

edentary lifestyle increases cancer
risk, and exercise is known to enhance
immune checkpoint inhibitor (ICI) effi-
cacy. However, the mechanisms have
remained largely unknown. Gut micro-
biota promotes antitumor immunity and
exercise modulates gut microbiota, but
whether these factors are linked has not
been studied. Phelps et al. used precli-
nical cancer models to explore possible
connections.
They found that prolonged exercise
limited melanoma tumor growth wit-
hout affecting body weight. Exercise
also boosted CD4 and CD8 T cells in
tumor-draining lymph nodes. Important-
ly, this effect required gut microbiota,
which was involved in exercise-in-
duced antitumor activity. To establish

causality, the authors performed fecal
microbial transplantations (FMTs) into
antibiotic-treated mice using feces from
exercised and sedentary donors. FMT
from exercised mice suppressed tumor
growth, prolonged survival, and en-
hanced tumor immunity. While bacterial
cell wall components are known to
increase immune responses, the exer-
cise-FMT effect appeared dependent

on microbiota-derived metabolites.
Indeed, oral administration of microbial
metabolites from exercised mice’s feces
restrained melanoma tumor growth.

To understand the role of metabolites, the
authors used targeted metabolomics of
1-carbon (1C) metabolites and found that
mainly precursors of the folate-dependent
1C pathway were diminished in exer-

Temporal dynamics and microbial interactions
shaping the gut resistome in early infancy

ntibiotic resistance stems from anti-
biotic resistance genes (ARGs), which
enable bacteria to withstand antibiotics.
ARGs existed before human antibiotic
use, but modern overuse has amplified
their prevalence globally. When resis-
tance reaches pathogenic microbes, it
threatens public health by undermining
antibiotics. However, more studies, es-
pecially in infancy are needed to unders-
tand gut resistome’s role in spreading
antimicrobial resistance (AMR).
This study investigated infant gut re-
sistome dynamics in a birth cohort with
longitudinally collected fecal samples
8 times from birth up to five years of age.
Early in infancy (3-6 days to 2 months),
ARG richness showed a bimodal pattern,
which disappeared by 6 months as most

116

infants exhibited high ARG counts.

At 12 months, bimodality reappeared,
followed by a decline of ARGs at 60 mon-
ths. ARG abundance relative to total
genes was highest in the first 6 months
and dropped after 12 months. Absolute
ARG abundance varied largely between
infants during the first 2 months of life,
peaked at 6 months, and then dropped
at 12 months.

It was further found that ARGs conferring
resistance against tetracyclines, fluoro-
quinolones, penams, and cephalosporins
were the most common and the most
abundant until 6 months of age. ARGs
against tetracyclines and fluoroquino-
lones remained the most common across
all ages. ARG relative and absolute
abundance did not differ between anti-

cised mice. Further experiments revealed
that elevated formate levels promoted
antitumor immunity and restrained tumor
growth, and that exercise specifically
increased formate. In addition to me-
lanoma, these effects were observed in
adenocarcinoma and lymphoma models.
Formate also dramatically reduced lung
metastases. Formate’s effect on antitumor
immunity was mediated via nuclear factor
erythroid 2-related factor-2. Ultimately,
they provide some translational evidence
that high-formate-producing human
microbiota is associated with enhanced
tumor suppression and immunity.

Phelps CM, Willis NB, Duan T, et al. Exercise-induced
microbiota metabolite enhances CD8 T cell antitumor im-
munity promoting immunotherapy efficacy. Cell 2025; 188:
5680-700.

i

biotic-naive infants and those exposed
to antibiotics before the 1st sample at
3-6 days of life. Interestingly, microbial
composition and birth mode seem to
influence ARG diversity, while only few
bacterial taxa have high number of ARGs.
To conclude, this study revealed key tem-
poral patterns and microbial interactions
that shape the early-infant gut resistome,
suggesting opportunities for targeted
strategies to limit AMR during this critical
developmental stage.

Chatzigiannidou I, Johansen PL, Dehli RK, et al. Tem-

poral dynamics and microbial interactions shaping the gut
resistome in early infancy. Nat Commun 2025; 16: 8139.
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Quantifying the varying harvest of fermentation
products from the human gut microbiota

he gut microbiota influences the host
largely through the exchange of fer-
mentation products, mainly short-chain
fatty acids produced by microbes in the
large intestine. The microbes metabolize
complex carbohydrates from plant-based
foods, as well as dietary proteins that
escape digestion in the small intestine.
While metabolomics can identify a wide
variety of compounds, it gives only
snapshots and provides little insight into
the overall flux of fermentation products
that microbes produce and that host’s
body takes up. To overcome this limit, this
study established orthogonal approaches
to quantify this flux, integrating data on
bacterial metabolism, digestive physiolo-
gy, and metagenomics.
This framework allowed creating many
important findings. For instance, the
bulk of carbon in microbiota-available
carbohydrates, 90%, ended up in fermen-

: VAGINAL MICROBIOTA
Gut-mind-pelvic axis:
New insights from
microbiome science

Beyond surgery, hormones and tumor
staging, women with endometrial cancer
often experience persistent symptoms
affecting mental health, gastrointestinal
comfort and sexual well-being. A recent
study from the University of Oklahoma
suggests that the gut and vaginal micro-
biota may contribute to these quality-of-
life outcomes.

Researchers followed 140 women sche-
duled for hysterectomy, including patients
with endometrial cancer and women with
benign gynecological conditions. Before
surgery, participants completed validated
questionnaires assessing physical and
mental health, stress, gastrointestinal
symptoms and sexual function. Vaginal
and rectal samples were collected for mi-
crobiome analysis, enabling correlations
between microbial profiles and patient-re-
ported outcomes.

Women with endometrial cancer showed
higher vaginal microbial diversity, a
pattern usually considered unfavorable in
other clinical contexts. Greater diversity
was associated with increased vaginal

tation products, which were mostly taken
up by the host. Variation in diet largely
determined the total yield of fermentation
products. Low yields may occur when
diets are rich in highly processed foods
lacking complex carbohydrates or when
they include carbohydrates that resist
digestion and pass through the gut
unchanged. Somewhat surprisingly, the
microbes themselves had less impact
on the total daily fermentation product
harvest, excluding some specific fermen-
tation products, such as butyrate and
lactate.

While not being the main aim of the study,
it was found that mice harvest far more
fermentation products per body weight
than humans (=400 mmol/kg/day vs.

7 mmol/kg/day), contributing over 21%
of their daily energy needs compared to
1.7-12.1% in humans. Combined with
differences in microbiome composition

dryness and irritation. Several bacterial
species, including Lactobacillus iners,
Lactobacillus gasseri and Streptococcus
agalactiae, were more frequent in women
reporting worse vaginal symptoms, sug-
gesting that oncological conditions may
alter vaginal ecosystem dynamics.

The gut microbiota also displayed
meaningful associations. In endometrial
cancer patients, certain bacterial taxa
correlated with better mental well-being,
lower stress levels and fewer gastrointes-
tinal complaints, while others were

linked to bloating, discomfort or reduced
sexual interest. These findings reinforce
the concept of a gut-mind-pelvic axis
connecting microbial ecosystems with

i

o: Shutterstock.
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and gut anatomy, this disparity must be
considered when extrapolating mouse
data to human systemic effects.

The authors conclude that due to dyna-
mic, flowing environment of the intestine,
developing this type of framework is
critical to move away from assumptions
based on point measurements of me-
tabolites toward an integrated model of
host-microbiome functions in health and
disease.

Arnoldini M, Sharma R, Moresi C, et al. Quantifying the
varying harvest of fermentation products from the human gut
microbiota. Cell 2025 ; 188 : 5332-42.

psychological and pelvic health.

From a clinical perspective, this work
opens new opportunities for precision
microbiome interventions, from targe-
ted probiotics to dietary strategies in
supportive cancer care. Microbiome
profiling could help identify patients at
risk of persistent symptoms and guide
personalized interventions, including
dietary strategies, lifestyle interventions or
targeted microbiota modulation, with the
aim of improving quality of life alongside
standard oncological treatments.

D Gautam NJ, Jimenez NR, taniewski P, et al. Micro-
biome impacts quality of life in patients with endometrial
cancer and benign gynecological conditions. Qual Life Res
2025 ; 34: 2935-48.

Photo: Shutterstock.
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Antimicrobial resistance:

A digital fresco to learn, discuss and act

Antimicrobial resistance (AMR) is one of
the top global public health and deve-
lopment threats. To address this global
issue, the World Antimicrobial Awareness
Week (WAAW), coordinated every

year by the World Health Organization
from 18 to 24 November, aims to move
from awareness to action by promoting
responsible antimicrobial use across all
sectors.

In line with this objective, the Biocodex
Microbiota Institute is committed along-
side the WHO by supporting the WAAW
2025 and launching the Antimicrobial Re-
sistance Fresco. This initiative represents
the first educational fresco dedicated to
AMR, designed for healthcare profes-
sionals, and freely accessible in a digital
and downloadable format.

This pedagogical tool highlights the links
between antimicrobial use, microbiota
disruption and the spread of resistance,

BIOCODEX

MICROBIOTA
FOUNDATION

In 2025, the Henri Boulard Awards
continue to support innovative research
projects addressing global public health
challenges through microbiota science.
Across four thematic areas, the Awards
highlight initiatives responding to local
unmet medical needs while contributing
to global knowledge.

and the winners are:

> Microbiota & Human Health

+ Dr. Livia Hecke Morais — Brazil
Uncovering microbiome pathways linking
Toxoplasmosis and schizophrenia care
in Brazil

+ Dr. Fernando Chirdo — Argentina
Assessing the therapeutic potential of
Saccharomyces boulardiiin the mana-
gement of chronic diarrhea in pediatric
patients

and explores the consequences for
patients and healthcare systems.

By encouraging collective reflection
and dialogue, it aims to support a better
understanding of AMR and promote
concrete actions toward improved anti-
microbial stewardship.

As a healthcare professional, you can
use this fresco as a practical tool to
inform, engage and mobilize your teams,
patients and communities, and actively
contribute to improving antimicrobial use
and preserving their effectiveness.

Download >

Henri Boulard Awards 2025...

> Microbiota & Human Health

- Dr. Solayide Adesida — Nigeria
Community profiling of the lung micro-
biome and its role in disease modification
of tuberculosis patients in Lagos

> Microbiota & Environmental
Concerns
* Dr. Jennifer Osogom
Clifford-Nkemdilim — Nigeria
Reequiping the gut microbiota through
safe drinking water. A community and
school-based water purification through
the use and distribution of ceramic water
pot filters

against antimicrobial
resistance
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1 0 million

deaths
worldwide*

*If nothing changes, AMR could become responsible
for almost 10 million deaths worldwide by 2025.
(World Health Organization)
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R A BETTER GLOBAL HEALTH
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1award
MICROBIOTA &
ENVIRONMENTAL
CONCERNS

1 award
MICROBIOTA &
ANTIMICROBIAL

RESISTANCE 2 awards

MICROBIOTA &
HUMAN HEALTH

€10,000 each

Decision of the committee:
December 2025

Submission deadline:
September 15th, 2025

Send the application to:
apply@BiocodexMicrobiotaFoundation.com

(j’ www.biocodexmicrobiotafoundation.com



What you should know about antibiotics

Antibiotics save lives. Alongside vaccinations,
they added nearly 20 years to life expectancy.

“Since their discovery over seventy years ago, antibiotics have been our leading

weapons in the treatment of bacterial infections.”

n Antibiotics destroy pathogens...
but can also eliminate certain beneficial bacteria
in our microbiota
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B Antibiotics treatment is associated with increased ---------

susceptibility of several chronic diseases

Cr

metabolic diseases
obesity, diabetes...

digestive diseases
inflammatory bowel
disease, colorectal cancer...

allergic diseases
asthma, allergic rhinitis,
atopic dermatitis...

n Inappropriate use of antibiotics is responsible
for antibiotic resistance. How it happens?

the antibiotic-resistant
bacteria grow,
and take over

there are lots of bacteria
and a few are resistant
to antibiotics
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antibiotics eradicate pathogens some bacteria give
responsible for infection but can also

destroy certain beneficial bacteria to other bacteria,

causing more problems...

\ antibiotic resistant bacteria

their antibiotic resistance

\V \b ), World Health
V Organization

7777777777777777 H Diarrhea: the most frequent side effect - - - - - - - - - - - ____
of antibiotics in the short term

In most cases: Antibiotic-Associated Diarrhea (AAD)

(KN #
/UQHVW /UQMM?\ of patients 'ﬁ‘

L we380%  fiitt,,.80%
T4 of children

may be affected by ADD may be affected by AAD

Particular cases:

in 10% - 20% of cases, the diarrhea results from an infection by Clostridioides
difficile, a bacterium that can become pathogenic due to certain factors

risk factors - - - ------- -,

diabetes, inflammatory

[
>65 (Dé) bowel diseases, kidney
kel insufficiency, hematologic
dea“& malignancies...

Perinatal period: critical window
of gut microbiota and immune system
development and maturation

° o x&

birth 6 months

12 months

2 yearsold

infancy toddler ch\\dhood

Any interference (antibiotics) with this establishment may
potentially lead to increased risk of chronic diseases

Each year, the WHO organizes

the World Antimicrobial Awareness
Week, which aims to increase awareness
of global antimicrobial resistance.

NOVEMBER

As an expert on microbiota, the Biocodex Microbiota
Institute takes part in this initiative.
You will find dedicated content on our website.

For more information about the microbiota go to
www.biocodexmicrobiotainstitute.com
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